In this paper, the development and implementation of a three-dimensional, numerical sediment transport model, which is based on staggered C-unstructured grids in the horizontal direction and Z-level grids in the vertical direction, is delineated. The three dimensional model is discretized by semi-implicit finite volume method, in that the free-surface and vertical diffusion are semi-implicit, thereby removing stability limitations associated with the surface gravity wave and vertical diffusion terms. The remaining terms in the momentum equations are discretized explicitly by integral method. The model is closed physically and mathematically using the Mellor and Yamada level-2.5 turbulent closure submodel. The numerical model is used for simulation accumulation process of immersed tube tank of HMZ (Hong Kong-Macau-Zhuhai) bridge. The model is calibrated and its performance extensively assessed against on-site experiment.
INTRODUCTION
The in-construction HMZ (Hong Kong-Zhuhai-Macau) Bridge is a series of bridges and tunnels that will connect the west side of Hong Kong to Macau and the mainland Chinese city of Zhuhai, which are situated on the west side of the Pearl River Delta and across the Lingding bay, in which immersed tube method will be used for the tunnel (see Fig.1 ). The immersed tube tank is about 5.76km long, 47m wide, 10m to 30m deep. The accumulation process of the immersed tube tank is very important for tube tank project of HMZ bridge. For predicting the accumulation process, the on-site experiment is carried out near the west artificial island (see Fig.1 ), from February 2009 to July 2009, which is 100m long, 21m wide, about 12m deep, 1:10 to 1:5 side slope (see Fig.2 ). The purpose of this study is to develop a three dimensional (3D) sediment transport model that could simulate the accumulation process of immersed tube tank of HMZ bridge.
Ocean and estuary sediment transport have been well predicted by using two dimensional depth average models in the horizontal plane (Lu et al, 2009; Ding and Wang, 2008) . However, the area near the main structure of a project has 3D problems of water flow and sediment motion, which are too complex for 2D mathematical models. Therefore, 3D numerical model for sediment transport is needed. Three numerical methods have widely used in three dimensional ocean sediment transport model: (1) the finite difference method Mellor, 1980, 1987; Zhang et al, 2004) ; finite element method (Lynch and Werner, 1991; Zhang and Baptista, 2008) ; and finite volume method (Chen el al, 2003 . Fringer et al, 2006 .
In this study, the three dimensional sediment transport model is developed by finite volume method on unstructured to be applicable to simulate he accumulation process of immersed tube tank of HMZ bridge. The model is investigated by comparing the compute results with on-site experiment data, and than used to predict the accumulation process of the immersed tube tank of HMZ bridge.. 
Governing equations
The governing equations consist of the following continuity, momentum, suspended sediment transport, density and bed deformation equations 
Boundary conditions
The surface and bottom boundary conditions for u v , and w are ( ) There surface and bottom boundary condition for the turbulent kinetic energy and macroscale equations are
Where s u τ are the friction velocity associated with the surface and bottom stresses.
The surface and bottom boundary condition for the sediment transport are
where b E and b D are deposition rate and erosion (resuspension) flux rate at bottom, respectively.
The depositional flux rate is computed using the following settling formulation for cohesive sediment, τ is the critical bed shear stress for erosion.
Unstructured grid
We confine ourselves to three-dimensional z-level grids, for which vertical grid spacings remain constant in the horizontal. In plan, the domain is subdivided into a set of nonoverlapping unstructured 
Discretized momentum equations
Since momentum equations (2) and (3) are invariant under solid rotation of the x and y axis on the horizontal plane, a consistent semi-implicit finite volume discretization for the velocity component normal to each edge can be written as , the free surface term has been discretized semiimplicitly with the theta method (Casulli, 1990) , the friction term has been discretized implicitly, and the explicit terms include advective terms and diffusion terms have been discretized with the second order Adams-Bashforth method, as in Fringer et al (2006) and Wang, et al(2010) . The explicit terms are given by 
( )
Baro is the baroclinic operator. The x and y direction velocities that are required for the Coriolis terms and advective terms are obtained by velocity reconstruction (Wang et al, 2010) .
Taking into account the boundary conditions (12) and (14), Eq. (26) 
Discretized continue equation
Integrating the continuity equation (1) Integrated the free surface equation over cell i , with assuming a constant free-surface elevation on each water column, a semi-implicit finite volume discretization within each cell is given by horizontal eddy diffusion and source terms.
THE ACCUMULATION PROCESS OF IMMERSED TUBE TANK OF HMZ BRIDGE
HMZ bridge is across the Lingdingyang estuary (see Fig.1 ). Lingdingyang, connected with the Pearl River at its northern end and west side, is situated in the southern China (Guangdong Province).
The shape of the Lingdingyan is like an inverted funnel with the narrow neck in the north and wide mouth opening to the south. Near the bridge site location, the width of Lingdingyang is about 30km
between Lantau Island (Hong Kong) and Macau. The north and south of Nei Lingding island is often call inner Lingdingyang and outer Lingdingyang. The water depth along the bridge varies from 0 to 30m. The immersed tube tank of HMZ bridge run across Lingding channel which is one major navigation channel for GuangZhou port, and the water depth is about 30m.
The tides in the Lingdingyan mainly come from the Pacific oceanic tidal propagation through the Luzon Strait (Ye and Preiffer, 1990; Mao et al, 2004 ) with a mean tidal range between 1.0 and 1.7m.
They are also influenced by the geometry and bottom topography, river discharge and meteorological factors (Mao et al, 2004) . The currents are rectilinear current, which is about perpendicular to the tube tank.
For simulation the accumulation process, one middle range was selected to be the three dimensional computational domain, which covers the outer Lingdingyang as depicted in Fig.3 The immersed tube tank of HMZ bridge is about 5.76km long, 47m wide, 10m to 43m deep.
Based on the verification of the 3D cohesive sediment model, half a year accumulation process of immersed tube tank of HMZ bridge is predicted. Fig.5 gives the cross section velocity field along the Lingdingyang navigation channel. Fig.5 gives the average deposited thickness along the immersed tube tank, which shows that the max deposited thickness is about 1.5m. 
